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Abstract
Virion-free plasma  from larvae of  the armyworm,  Rseuclaletia separzTta,  infected with  an  entomopoxvirus

(PsEPV), adversely athcts the embryonic  and  larval stages  of  the gregarious braconid endoparasitoid,  Cotesia

karlyai. We  investigated the toxicity of  virion-free  plasma from PsEPV-infected P. separata  larvae against  C.
karlyai embryos  and  larvae cultured  in vitro. Parasitoid laryae collected  from host larvae were  indiyidually
transferred into plastic Petri dishes with  IPL-41 medium  and  cultured  at 25OC  for 7 d. The development of C.
karlyai larvae was  adversely  affected  when  virion-free  plasma was  added  to IPL-41 medium,  even  up  to a

dilution of  128. The mortality  of  in yitro-cultured  parasitoid larvae decreased with  increases in the concen-

tration of  virion-free  plasrna added  to the medium.  The parasitoid 1arvae became less susceptible  to the lethal
factor as the laryal stage  increased. Parasitoid larvae cultured  in IPL-41 medium  added  to virion-free  plas-
ma  developed little if at all, and  shrank  and  died 2 to 6 d after  the start of  culture,  regardless  of  the larval stage
of  the parasitoid. In dead parasitoid larvae, the tissue receded  from the cuticle and  organs  lost their organi-

zation  and  cellular  integrity. Embryos  cultured  in IPL-41 medium  containing  virion-free  plasma never

progressed beyond the egg  stage,  and  somatic  tissues lost their organization.  On  the other  hand, embryos
cultured  in IPL-41 medium  containing  normal  plasma developed to the first stadium.
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INTRODUCTION

  Interactions between parasitoids and  baculo-
viruses  in the same  host have been studied  ex-

tensively. Most  of  these studies  show  that insect
viruses  deleteriously afrect the development and
survival  of  parasitoids (GrOner, 1990; Vinson,
1990; Brooks, 1993). The most  common  delete-
rious  effect  of  viruses  on  hymenopteran parasi-
toids is the death of  immature parasitoids in the
virus-infected  host. If the host dies prema-
turely as a result of  a viral infection, the para-
sitoids are killed before they complete  their

development (Laigo and  Tamashiro,  1966;
Irabagon and  Brooks, 1974; Beegle and  Oat-
man,  1975; Vail, 1981; Hochberg, 1991; Nakai
et al., 1997; Nakai and  Kunimi, 1998). On  the

other  hand, some  baculoviruses and  entomo-

poxvirus produce a  substance  that  adversely

affects the development of  parasitoids in their
common  host. When  female wasps  parasitize
virus-infected  hosts, the parasitoid progeny die
in the host and  never  emerge  (Kaya, 1970; Kaya

and  Tanada, 1971, 1972a, b; Hotchkin and

Kaya, 1985; Kyei-Poku and  Kunimi, 1998;
Kunimi et al., 1999).

  Our  previous studies  on  the interaction
between an  entomopoxvirus  <PsEPV) and  a

gregarious braconid endoparasitoid,  Cotesia
karlyai, in ]Rseudaletia  separata  larvae showed

that the infection of  larvae with  PsEPV  is dele-
terious to the deveiopment and  survival  of  C.
kartyai. No  parasitoid 1arvae emerged  from a

PsEPV-infected host when  host larvae were

simultaneously  parasitized and  inoculated
with  PsEPV.  Furthermore, virion-free plasma
from PsEPV-infected  P. separata  larvae was

toxic to parasitoid larvae when  it was  injected
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intrahemocoelically into the host larvae (Kyei-
Poku  and  Kunimi, 1998). This has two  possi-
ble mechanisms:  the plasma may  act as a toxin
and  affect  parasitoid tissue directly; or its effect
may  be mediated  through host tissues such  as

hemocytes. In this study,  we  sought  to deter-
mine  which  mechanism  explains  the observed

phenomenon. We  investigated the toxicity of

virion-free  plasma  from PsEPV-infected P.
sqparata  larvae against  C. karlyai larvae that
were  cultured  in vitro.

MATERIALS  AND  METHODS

 Insects and  virus.  P. se:parata  and  C. karlyai
were  continuously  maintained  in our  laborato-
ry  at a  constant  temperature of  250C under  a

16L:8D  photoperiod. The P. sqparata  larvae
weTe  reared  on  the artificial diet described in
Hattori and  Atsusawa (1980) with  minor

modifications.  C. karlyai adults  were  taken

from a colony  maintained  continuously  on

fourth stadium  host Iarvae. Newly formed co-
coon  masses  were  kept in cylindricai glass con-
tainers (35mm in diameter, 150mm  long).
Emerged wasps  were  fed 30%  honey water

soaked  on  cotton  pads. In all the experiments,
3- to 5-day-old mated  female parasitoids were
used  for parasitization, and  only  a single

oviposition  was  allowed  per host larva.

  The entomopoxvirus  (PsEPV) used  in the ex-

periments was  originally obtained  from Dr. T.
Hukuhara  of  Nihon University and  propa-
gated in P. separata  larvae. Occlusion bodies
(OBs) of  PsEPV  were  purified as  described pre-
viously  (Kyei-Poku and  Kunimi, 1997). The
concentration  of  OBs  in the stock  suspension

was  determined using  a Thoma  hemocyto-
meter  under  phase contrast  microscopy.  The
stock  suspension  was  stored  at 40C until use.

  Extraction and  clarification of  the hemo-

lymph. Fifth stadium  P. separata  were  infected
by treating artificial  diet plugs layered with  1O ptI
PsEPV-purified suspension  containing  108･O
OBslml. Fourteen days after infection, larvae
were  surface-sterilized with  70%  ethanol  and

rinsed  three times in sterile distilled water.

Hemolymph  was  collected  from the pierced

proleg of  the infected larvae into a  centrifuge

tube on  ice. To  prevent melanization  of  the

hemolymph, 2-mercaptoethanol (ME) was  ad-

ded to a  final volume  of  O.OS%. The hemo-
lymph was  centrifuged  for 15 min  at 1 ,200  × S to

sediment  the hemocytes and  the supernatant

was  collected. To  remove  virus  particles, the

supernatant  was  centrifuged  at 76,700× g for 2
h at 40C and  stored  at -35eC  until use. The
resultant  supernatant,  designated the virion-free

plasma, had no  apparent  effect on  an  unpara-

sitized  host when  administered  orally or  injected
intrahemocoelically (Kyei-Poku and  Kunimi,
l998). Hemolymph  was  also collected  from
uninfected  sixth instars and  centrifuged  in the
same  manner.  The resultant  supernatant  was

designated as the control  plasma.
  Determinations of  the dilution end-point  of

the toxic factor in plasma against  in vitro-cul-
tured C. kartvai larvae. Newly molted  sixth in-
stars  of  P. separata  were  parasitized by C.
kartyai as  described above.  Parasitized larvae
were  individually reared  on  an  artificial diet at
250C under  a  16L : 8D  photoperiod. Six days
after parasitization, parasitized larvae were

surface-sterilized and  anesthetized  in 70%  etha-

nol  solution, then dissected in sterile Carlson's
solution  (O.7% NaCl, O.02% KCI, O.02%
CaC12, O.Ol%  MgC12･H20,  O.02% NaH2P04,
O.O05% NaHC03,  and  O.8%  glucose). Parasi-

toid larvae collected  from the host larvae were
washed  four times in IPL-41 medium  (Weiss et

al., 1981) and  each  1arva was  transferred into a
20-pt1 drop of  IPL-41 medium  in a  plastic Petri
dish.
  Plasma  collected  from PsEPV-infected hosts
was  sterilized  by filtration (O.22ptm pore  size)

and  serially diluted with  sterile O.05%  ME  so-

lution to factors of  1, 2, 4, 8, 16, 32, 64, 128,
and  256. To  determine the dilution end-point  of

the toxic factor in plasma, 4ul of  diluted plas-
ma  was  added  to the medium.  As a control,  4 "1
of  hemolymph  collected from uninfected  sixth

instars was  added  instead. The plastic Petri
dishes were  maintained  at 250C  under  a 16L :

8D  photoperiod for 7 d. Thirty parasitoid larvae
were  used  for each  treatment. The mortality  of

parasitoid larvae was  checked  daily.

  Effect of  parasitoid age  on  toxicity of  the

plasma. Three-day-old embryos  and  parasitoid
larvae at  different stages  (4- to 9-day-old) were

individually cultured  in 20-ttl drops of  IPL-41
medium.  PIasma collected  from PsEPV-infect-
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ed  hosts was  sterilized  by filtration (O.22um
pore size)  and  serially  diluted with  sterile O.05%
ME  solution  to factors of  1, 2, 4, 8, 16, 32, 64,
and  128. Four microliters of  diluted plasma was
then added  to the medium  in a  piastic Petri dish,
as described above.  As a control,  4pti of  un-

diluted control  plasma was  added  to the medi-
um.  The  Petri dishes were  maintained  at 25eC

under  a 16L:8D  photoperiod  for 7d.  Thirty

parasitoid larvae were  used  for euch  treat-

ment.  The mortality  of  parasitoid larvae was

checked  daily. LCso values  were  estimated  by
the method  of  Reed and  Muench  (1938).
  Histopathology of  parasitoids. Six-day-old

parasitoids were  cultured  in 20-pt1 drops of

IPL-41 medium  containing  4pt1 of  either  the

control  plasma  or  virion-free  plasma. Three
days later, the parasitoids were  fixed in alco-

holic Bouin's (Duboscq and  Brasil's modifica-

tion) at room  temperature for 4 h. After being
fixed, the parasitoids were  transferred into 70%
ethanol,  dehydrated through an  ethanol  series,

and  then embedded  in Paraplast (MP, 54-
56eC). Ten  micrometers  thick sections  were  cut,

stained  with  iron hematoxylin, and  counter-

stained  with  acidified  alcoholic  eosin.

RESULTS

Determination of  the dilution end  point of  the

toxic factor in plasma against  in vitvo-cultured
C. karlyai larvae

  The virion-free plasma from PsEPV-infected
P. separata  larvae was  toxic to the in vitro-cul-
tured parasitoid larvae, even  when  diluted by a

factor of  128 (Table 1). The total mortality  of  in
vitro-cultured  parasitoid larvae decreased as the
concentration  of  the virion-free  plasma added
to the medium  fell. When  an  undiluted  solu-

tion of  the virion-free  plasma  was  added  to the

medium,  all the parasitoid laryae died within  2
d. On  the other  hand, only  1 parasitoid larvae
died when  the control  plasma was  added  to the

medium.

Effect of  parasitoid age  on  toxicity of  the plas-
ma

  The virion-free  plasma  adversely  affected all

stages  of  parasitoid larvae, although  the me-

dian lethal concentration  (LCse) of  the virion-

free plasma, based on  log2 dilution factors, de-
creased  at each  progressive larval stage (Fig. 1).
The  LCso  value  of  the 4-day-old parasitoid did
not  differ significantly  from  those of  5- to 7-
day-old parasitoids but did differ from those of
8- and  9-day-old parasitoids. The LCso values  of

Table 1,Percent  cumulative  mortality  of  in vitro-cultured  Cbtayia karlyai laryae which  were  exposed

to plasma collected from the entomopoxvirus  (PsEPV)-infected and  uninfected

                 Rseudaletia separata  larvae

%  Cumulative mortality

Plasma  typeaDilution
 No.oflarvae

factorsa usedb  Days  after  culture

1234 567

Virion-free  1
 2
 4
 8

 16

 32

 64128256

30303030303030303066,760,O66,763.350.040.0o

 3.3o

100100IOO10010090,O

 100

43.3 83,3
23,3 70,O

 oo

10070.0
 70,O 73,3

 O O 3,383.36.7

Control 1 30 o ooooo 3.3

aThe

 plasma from  healthy laryae served  as a control. The  plasma from laTvae infected for 14 d with

the PsEPV  was  diluted with  sterile  e.05%  2-mercaptoethanol solution.
hSix-day-old

 parasitoids were  used,
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             La rval stage  (days)

 Fig, 1. Changes  in susceptibility  of  in vitro-cultured

1arvae of  Cotesia karlyai to the  plasma  collected  frem  en-

tomopoxvirus-infected larvae of  Ilseudaletia sqparata,

Parasitoid 1arvae at different stages (4- to 9-day-old) w ¢ re

individually cultured  in 20-pt1 drops of  IPL-41 medium  in a

plastic Petri dish. Four microliters  of  diluted virion-free

plasma were  added  to the medium.  The  LCso values  of the

virion-free plasma, based on  dilution factors, were  log-
transformed (log2),

4- to 7-day-old parasitoids were  11-18times

greater than those of  8- and  9-day-old parasi-
toids. The average  days required  for death of
parasitoids increased significantly with  increas-
ing larval stages  when  4-fold diluted virion-free

plasma was  added  to the medium  (Fig. 2). On

the other  hand, most  parasitoid larvae at all

stages survived  when  the control  plasma  was

added  to the medium  (data not  shown).

  The adverse  effect of  the virion-free  plasma
was  affected  by both the embryonic  and  larval
stage  of  the parasitoid. Embryos cultured  in
IPL-41 medium  containing  the virion-free plas-
ma  never  progressed beyond the egg  stage and

somatic  tissues lost their organization  (Fig. 3d).
0n  the other  hand, embryos  cultured  in IPL-41
medium  containing  the control  plasma, devel-
oped  to the first stadium  (Fig. 3c).

Histopathology of  parasitoids
 Figure 4a shows  a cross section through  the

middle  of  a 6-day-old parasitoid cultured  in
IPL-41 medium  containing  the control  plasma
for 3d. The cuticle  was  separated  from the
epidermal  cells, although  this may  be an  artifact

of  fixation and  dehydration. On  the other  hand,

6-day-old parasitoids that were  cultured  in
IPL-41 medium  containing  the virion-free  plas-
rna  for 3 d had an  adverse  toxic reaction.  The
cuticle of  parasitoid larvae separated  from the
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 Fig. 2. Average days required  for death of  in vitro-

cultured  1arvae of  Cotesia karlyai. Parasitoid 1arvae at

different stages (4- to 9-day-old) were  individually cul-

tured in 2e-pt1 drops of IPL-41 medium  in a plastic Petri
dish. Four  microliters  of  diluted virion-free  plasma was

added  to the medium.  Bars indicate standard  erTors.

basement membrane  and  showed  extensive

degeneration, and  epidermal  cells Iost their or-

ganization and  cellular  integrity (Fig. 4b).

  The pathology in longitudinal sections  (Fig.
4c, d) of  the posterior portion of  control  and

virion-free plasma-treated 6-day-old parasitoids
was  similar to that observed  in the respective

cross  sections  (Fig. 4a, b). The cuticles of

virion-free  plasma-treated 6-day-old parasitoids
were  separated  from the somatic  tissues (Fig.
4d).

DISCUSSION

  In this study,  we  demonstrated the in vitro
toxicity of  virion-free plasma from a PsEPV-
infected host, P. separata,  against  C. kartyai
larvae. When  C. kartyai larvae were  cultured  in
vitro  with  virion-free  plasma  diluted up  to a

factor of  128, the parasitoid 1arvae died (Table
1). In in vitro  toxicity experiments,  we  elimi-

nated  the possibility that host immune  re-

sponses  influenced the survival  of  parasitoid
larvae. Therefore, a lethal factor in virion-free

plasma acts as a toxin that directly affects

parasitoid tissue.

  The lethal factor adversely  affected C. korlyai
embryos  and  all larval stages. The parasitoid
larvae became less susceptible  to the lethal fac-
tor as their developmental stage increased (Figs.
1, 2). This change  in susceptibility  may  occur

when  the parasitoid 1arvae pass a  critical  stage  in
development, making  them  less susceptible  to

the lethal factor.
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 Fig. 3, in vitro-cultured C. karlyai larva and  embryo,  a:  9-day-old C. karlyai larva cultured  with

control  hemolymph  (bar=.'500um). b: 9-day-old C, karlyai larva cultured  with  virion-free plasma.
Three-day-old C. kariyai embryos  were  cultured  in IPL-41 medium  with  control  or virion-free plas-
ma  (bar= 500 pam), c: 5-day-old C. karlyai cultured  with  control  plasma  deyeloped to the  first stadium

(bar= 100 "m). d: 5-day-old C, karlyai cultured  with  virion-free  plasrna never  progressed beyond  the

egg  stage  and  the somatic  tissues lost their organization  (bar=: 100 ptrn). Arrow indicates the somatic

tassue of parasitoid larvae separated  from the cuticles.

 Kunimi  et al. (1999) examined  the in vitro-

toxicity of  virion-free  plasma  from the

Hawaiian strain of  Rseuclaietia unipuncta

granulovirus (PuGVH)-infected P. sqparuta  on

C. karlyai larvae. They showed  that the virion-

free plasma from a PuGVH-infected host was
toxic to in vitro-cultured  C. karlyai larvae when
the virion-free  plasrna was  added  to the cul-

ture medium,  even  when  diluted by a factor of
62S. The somatic  tissue of  dead Iarvae de-

tached from the cuticle,  as  was  observed  in this
study  (Fig. 3). Although the dilution end-point

was  higher for the virion-free plasma collected
from PuGVH-infected hosts than in that col-

lected from PsEPV-infected hosts, the lethal
fa¢ tors in both plasmas seem  to function in the
same  way.

 A  similar phenomenon  has been documented
for the interactions between Goptapanteles
ntilitaris  and  PuGVH  (Kaya, 197e; Kaya  and
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Tanada, 1971, 1972a, b), and  the hypertrophy
strain of  P. unipuncta  nucleopolyhedrovirus

(Kaya and  Tanada, 1973; Hotchkin and  Kaya,
1983). Hotchkin and  Kaya  (l985) isolated a

lethal agent  from the plasma  of  PuGVH-infect-
ed  P. unipuncta  and  identified it as a protein
with  a molecular  mass  of  about  64 kDa.
  Although the mode  of  action  of  this lethal
factor has not  been fully elucidated,  it is specu-
lated that the lethal factor may  destroy or

change  the permeability of  the cuticle.  This dis-
organization  might  cause  the accumulation  of

body fluid in vivo  or  of  culture  medium  in vitro
between somatic  tissue and  the detached cuticle,
as seen  in the histopathological study  (Fig. 3).
Further studies of  the effect of  the Iethal factor
on  parasitoid larvae are required  to sub-

stantiate  this hypothesis.
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